ABSTRACT
Because the segments of DNA inherited from Neandertals varies between individuals, cumulatively at least 40% of the Neandertal genome survives in people today 7 . Recent genome-wide association studies suggest that the DNA relics from this admixture left an extensive phenotypic legacy, influencing for example skin and hair color, immune response, lipid metabolism, bone morphology, blood coagulation, sleep patterns, and mood disorders [7] [8] [9] [10] [11] [12] [13] [14] [15] . In addition, Neandertal-derived DNA has a significant effect on gene expression in adult human tissues 16, 17 . However, these associations have been observed in living people or in tissues, where there is limited opportunity for controlled experimentation. Further, there are few opportunities to study the impact of Neandertal-derived DNA on modern human development.
Recently, the Human Induced Pluripotent Stem Cell Initiative (HipSci) published their work on generating and characterizing a large resource of human iPSCs with genome-wide genotype data 18 . This large repository presents an unprecedented opportunity to identify carriers of Neandertal alleles of interest and explore the genetic mechanisms underlying Neandertal and modern human phenotypes.
We have analyzed the genome sequences from 173 of these individuals (mostly Europeans) and identified the modern-human and Neandertal component of each individual's ancestry (Fig. 1A, S1 ). We used alleles in present-day humans that are shared with the Vindija Neandertal and absent in Yoruba individuals, along with a linkage disequilibrium-based test for incomplete lineage sorting (ILS), to identify haplotypes that are likely of Neandertal origin ( Fig. S1B-C (Table 2 ). These alleles are associated with a variety of processes including digestive function, nutrition, skin color, coagulatory protein production, and immune response (Fig. 1C ). In addition, we identified hundreds of alleles that alter amino acids, are expression quantitative trait loci (eQTL) 14 or show allele-specific expression 16 ( Fig. 1D ; Table S1 ).
We find that 50 HipSci lines chosen at random will allow the interrogation of ~310 Neandertal-associated eQTLs with each site represented in at least 5 cell lines (Fig. 1E, S2 ). We note that each Neandertal allele present in the HipSci resource exists in a primarily modern human background. However, in each individual many
Neandertal alleles co-occur ( Taken together, our analysis suggests that human-Neandertal hybrid iPSC resources can be used to systematically explore Neandertal allele function in diverse cell types differentiated in controlled culture environments, including the previously unexplored study of developmental processes.
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Detection of Neandertal missense, regulatory and pheWAS variants
We sought to identify putatively functional Neandertal alleles that overlap confidently We selected all 925 aSNPs with significant phenotype associations detected by Simonti et al. 8 . We further selected multiple additional significant phenotypes associations for Neandertal alleles (Table 2) 8,10-14 .
Power analysis
The ability to study a particular Neandertal variant depends both on its effect size and its frequency within a given sample of individuals or cell lines. We cannot control the effect size, but one can -within reason -control the number of samples they consider. Larger sample sizes allow more variants to be studied, but may offer 
